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The immunohistochemical localization of amy-
loid 3/A4 protein in the senescence-accelerated
mouse brain was studied using six different an-
tisera against human amyloidprecursorprotein
peptides. f4/A4 proteinlike immunoreactivity was
observed in theform ofgranular structures (,¢
LIGS) in various regions, including the medial
septum, cerebral cortex, hippocampus, cerebel-
lunm and some cranial nerve roots. 13-LIGS were
1.5 to 2.5

.
in diameter and irregularly shaped.

They increased significantly in number with ag-
ing predominantly in animals with a phenotype
ofage-related deterioration ofmemory and learn-
ing abilities. Congo red and thioflavine S did not
stain the granules. On immunoblots, the main im-
munoreactive bands were observed at 14 to 18 kd.
The staining intensities of these bands also in-
creased with advancing age. We consider that
,¢LIGS are not only a new morphological mani-
festation of senescence in mice, but also a perti-
nent clue in understanding the mechanisms of
amyloid deposition. (Am J Pathol 1993, 142:
1887-1897)

Amyloid ,B/A4 protein, a 4.2-kd polypeptide,' 2 is the
integral component of senile plaques and cere-
brovascular amyloid fibrils in individuals with Alzhe-
imer's disease,3-5 Down's syndrome,6 and normal ag-
ing.78 Amyloid 3/A4 protein seems to originate from
amyloid precursor protein (APP), which has several
species generated by alternative splicing.9-14 Amy-
loid ,B/A4 protein deposition seen in subjects with
Alzheimer's disease has been found only in higher

mammalians such as primates, dogs, and polar
bears.15-22 Recently, two groups reported that trans-
genic mice and transplants of trisomy 16 mice could
serve as experimental models for amyloid P/A4 pro-
tein deposition in the brain.23'24

The senescence-accelerated mouse (SAM), a mu-
rine model of accelerated senescence, has been es-
tablished by Takeda and colleagues.25'26 There are
now eight accelerated senescence prone lines
(SAM-P) and three accelerated senescence resistant
lines (SAM-R), the latter with normal characteristics of
aging. Each line has a relatively strain-specific patho-
logical phenotype such as systemic senile amyloid-
osis,27-30 senile cataract,31 senile osteoporosis,32 or
degenerative joint disease.33 SAM-P/8 shows early
onset and rapid advancement of senescence re-
vealed by analysis of aging dynamics such as Go-
mpertz function, survivorship curve, and grading
score system34 and exhibits a significant age-related
deterioration of memory and learning abilities.35 36

To our knowledge, there has been no report of a
spontaneous development of 3/A4 immunoreactivity
in the mouse brain. In the present study, we examined
immunohistochemically and immunochemically the
SAM-P/8 brain and the SAM-R/1 brain, using six dif-
ferent antisera against synthetic or recombinant hu-
man APP peptides. We present here evidence indi-
cating that ,B/A4-like immunoreactive structures occur
in the SAM brain and show a marked age-related in-
crease.

Materials and Methods
Animals

We examined five young (2-month-old), five middle-
aged (9-month-old), and four old (1 2-month-old)
SAM-P/8 and SAM-R/1 male mice, respectively, and
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two very old (22-month-old) SAM-R/1 male mice.
The mice were reared in our laboratory under con-
ventional conditions at constant temperature (24 +
2 C) and were maintained on a 7 A.M. to 7 P.M. light/7
P.M. to 7 A.M. dark schedule and on a commercial
diet (CE-2, Nihon CLEA) and tap water ad libitum.

Tissues

The mice were deeply anesthesized with an intra-
peritoneal injection of 0.07 ml of 5% sodium pento-
barbital and perfused transcardially with 50 ml ice-
cold 0.01 mol/L phosphate-buffered saline (PBS, pH
7.4), followed by a fixative of 150 ml of 4%
paraformaldehyde and 0.2% picric acid in 0.1 mol/L
phosphate buffer (pH 7.4). The brains were re-
moved immediately and soaked in a postfixative
consisting of 4% paraformaldehyde and 0.2% picric
acid in 0.1 mol/L phosphate buffer (pH 7.4). Follow-
ing cryoprotection with 20% sucrose in 0.1 mol/L
phosphate buffer (pH 7.4) overnight at 4 C, blocks
were frozen and cut serially into 15-p-thick sections
on a freezing microtome.

Immunohistochemistry

The immunohistochemical staining was done using
the avidin-biotin complex (Vector Laboratories, Bur-
lingame, CA) method. Sections were kept in 0.3%
H202 in 0.1 mol/L PBS for 30 minutes at room tem-
perature to inhibit endogenous peroxidase activity.
After rinsing with 0.1 mol/L PBS containing 0.3% Tri-
ton X-100 (PBST), they were incubated in a primary
antibody diluted in PBST for 24 hours at 4 C. A rab-
bit polyclonal antibody raised against a synthetic
human f3/A41 24 peptide39 (1:5,000), a rabbit poly-
clonal antibody against a human f/A41 42 peptide
(Boehringer Mannheim Biochemica, Mannheim,
Germany, 30 pg/ml), a rabbit polyclonal antibody
against a synthetic human f/A41 15 (1:1,000), a rab-
bit polyclonal antibody against a recombinant hu-
man APP1 592, which corresponds to 1-592 of
APP695 (1:5,000), a rabbit polyclonal antibody
against a synthetic human APP671 695, which corre-
sponds to C-terminal 25 amino acid residues of hu-
man APP695 (1:4,000), and a rabbit polyclonal anti-
body against a synthetic human APP666 695
(1:1,000) were used as primary antibodies. After
rinsing with PBST, sections were incubated in a bi-
otinylated anti-rabbit IgG diluted (1:200) in PBST for
1 hour at room temperature. After washing with
PBST, they were placed in an avidin-biotin peroxi-
dase complex diluted (1:400) in PBST for 1 hour at

room temperature. After washing thoroughly with
0.05 mol/L Tris-HCI buffer (pH 7.6), they were col-
ored with 0.02% 3-3' diaminobenzidine tetrahydro-
chloride, 0.45% nickel ammonium sulfate, and
0.006% H202 in 0.05 mol/L Tris-HCI (pH 7.6) for 10
minutes. These stained sections were then mounted
onto gelatin-coated slides, air-dried, dehydrated
within a graded series of ethanol, cleared by xy-
lene, and coverslipped with Entellan new (Merck,
Darmstadt, Germany). The immunohistochemical
absorption experiment was done by adding 0.1 to
10 pmol/L ,3/A41 24 peptide to the working solution.
As a control experiment, we performed the identical
immunohistochemical procedure but with omission
of the primary antibody or using a normal rabbit se-
rum instead of the primary antibody. Some sections
from all the animals were stained with hematoxylin
and eosin, neutral red, Congo red, thioflavine S,
and periodic acid-Schiff (PAS).

Immunoblotting Analysis

We examined SAM-P/8 and SAM-R/1 male mice of
three age groups (2 months old, 9 months old, and
12 months old). We studied three mice for each age
group. These mice were anesthesized and per-
fused transcardially with 50 ml ice-cold 0.01 mol/L
PBS (pH 7.4). Each brain was homogenized at 4 C
in 10 volumes of 0.01 mol/L PBS (pH 7.4). Homoge-
nized samples were centrifuged at 30,000g, and
pellets were resuspended in 3 to 5 volumes of 2%
sodium dodecyl sulfate containing 8 mol/L urea.
These resuspended samples were solubilized in 50-
fold sodium dodecyl sulfate sample buffer as de-
scribed by Laemmli,41 incubated for 1 hour at 37 C,
then sonicated. Diluted samples (15 to 20 pi) were
electrophoresed on 8% or 20% polyacrylamide gels
and transferred to polyviniliden difluoride filters (Im-
mobilon, Nihon Millipore Co., Ltd., Tokyo, Japan).
The transferred membranes were incubated in a
blocking solution of 3% bovine serum albumin in
0.01 mol/L PBS (pH 7.2) and then in a primary anti-
body for 24 hours at 4 C. An anti-f3/A41 24 antibody
(1:3,000), an anti-f3/A41 42 antibody (30 pg/ml), an
anti-f3/A41 15 antibody (1:1,000), and an anti-
APP671 695 antibody (1:2,000) were used as primary
antibodies. After washing with 0.01 mol/L PBS (pH
7.4), the membranes were incubated in a biotiny-
lated anti-rabbit IgG diluted (1:1,000) in 0.01 mol/L
PBS (pH 7.4) for 1 hour at room temperature,
washed again with 0.01 mol/L PBS (pH 7.4), and
then reacted with an avidin-biotin peroxidase com-
plex diluted (1:200) in 0.01 mol/L PBS (pH 7.4) for
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30 minutes at room temperature. They were im-
mersed in 0.005% 3-3' diaminobenzidine tetrahy-
drochloride and 0.006% H202 in 0.05 mol/L Tris-HCI
(pH 7.4).

Quantitative Analysis

Two sections of the cerebral cortex at the level of
2.6 to 2.8 mm rostral to the frontal zero plane, the
vertical plane running through the interaural line,
and two sections of the trigeminal nerve root at the
level of 0.2 to 0.4 mm caudal to the frontal zero
plane were collected from j3/A41 24 immunostained
sections of each animal. Four representative micro-
scopic fields under a x20 objective lens were arbi-
trarily selected bilaterally from each section. The im-
munoreactive granules in each field (3.72 x 104 p2)
were counted using a computerized image ana-
lyzer, LUZEX3U (Nikon, Tokyo, Japan). The numeri-
cal densities (number/ip2) were calculated. A statis-
tical analysis was done using paired t-test to
evaluate differences in the numerical densities of
immunoreactive granules among respective age
groups of both SAM-P/8 and SAM-R/1. Differences
in the numerical densities of granules between age-
matched SAM-P/8 and SAM-R/1 were also statisti-
cally analyzed by paired t-test.

Homology Search

To investigate the possibility of cross-reactivity of
the present 3/A4 antiserum with other homologous

proteins, a homology search was performed using a

computerized homology search system, Integrated
Database and Extended Analysis System for Nu-
cleic Acids and Proteins. Proteins with amino acid
sequence homologous to the human ,B/A41 24 pep-
tide were searched for among already known pro-
teins of mammalians, including mouse, and the per-
cent match was calculated.

Results

Histological Study
We found amyloid ,B/A4 proteinlike immunoreactivity
in the form of a granular structure in various regions
of the SAM brains, using an anti-f3/A41 24 antibody
(Figure 1). The ,B/A4-like immunoreactive granular
structures (,B-LIGS) were 1.5 to 2.5 p in diameter
and irregularly shaped. The topographic distribution
of ,B-LIGS is shown in Figure 2. They were dissemi-
nated in both gray and white matter such as the lat-
eral olfactory tract, medial septum, cerebral cortex,
thalamus, hippocampus, caudate putamen, pyrami-
dal tract, cerebellar peduncle, cerebellum, and
some cranial nerve roots and nuclei. In the cerebral
cortex, the granules were mainly observed in the
deep cortical layers (Figure 1, A and B). In the hip-
pocampus, two types of immunoreactive granules
were observed (Figure 3A): f3-LIGS and granules of
a larger size. Larger granules were round to ovoid
in shape. They were usually clustered and stained

Figure 1. Inifiniohi.%tochfe,istrp oJ therhrains
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j-JIcGS (arrol"s) cate oh.serived ill the/fiontopari-
et'1l coliex J ci 2-ionlth-old SA f11-P8 miouse
(X 360). B: (-LIGS in th fi-ontopariietal Cortex
0] a 12- miontlb-olcd SAM-P/8 m e.mouNumerous
gi.coiieIIi'S are oh.ser'edcl mainyi' in tbhedeepcorti-
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a 2-mnilth-old SAMI-P/,8nose (X 360). D:
,3-IIG.S in the tfrigeinial ierier-oot of a 12-
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Figure 2. Topog,-apbic distribution fJ f3-LIGS in the brain ota 12- month-old SA-P f8. O-LIGS car-e clisttibutecd in the various bracinl r-egiouls. inlcid-
inig the nitedial septlou, cerebral cortex. bippocantipi.s aiid somie cranial nerie roots. krPa. firontoparietal cortex. CPl: caillidateplitallnel, CC cor
pics cal/losmnn. M:S. medial septal nucleus, LS lateral septal nuclels, AC anterior commnissore, 7'T: o/Jactorn tiubercle, DHC dorsal bippocanipal
coninhissiure, Hi. hippocantipis. Fi: flnhtibia .IID: mediodlorsal thb/anicic nucleIts. (ClIt cenitral medial thalcamiic niuclelts, ID: late)orlot-sal thalcamuiic
nuicleius. LP: latercal posterior thalcamiiic nniiclels. Po: posterior thclCatiic nIlucleils, 171. iventral posterior thu/COnliic nuclelts. DA: dorsal bhpothalaniic
area. DWII clorsomiedial bhipothalamic nIuclells, 13111 ventroniedial hipotbalanic incleus. SiuG. sipemficic l graY laYer qfsuperior colliclnl/s, INY(o
intercollicilar niyiclents, CC. central grai', PPTg: pedunculopontine tegmuental niuclelus. XSCP. cleciussation oj sioperior cerebellar peduncle. P'nO.
poniitne reticular nucleus, TFP. transierse fibers /polns, LL liateral lemninscus, BP. brachilmn pJontis. IICP.P mni/cIle cerebellarpednclc'. S5 sensory
root q/ trigemninal/nere, sCP. superior cerebellar pecluncle. VSC ventraltlspuniocerebellar- tracict. J/o5: muotor trigenminal uucleuis. Pr5: principal sen-
son, trigemiunal nucleins 7n: /CCiCal nerve. S: i'estibilocochlear nerve. Tz. trapezoid bodi', PI' puramuidal tract.

with PAS, findings compatible with previously re-
ported PAS-positive granular structures (PGS).42
PGS were also stained with various other antisera
and even with normal rabbit serum (1:2,000).
3-LIGS were stained only when we used frozen sec-
tions from perfused brains, in a free-floating condi-
tion. We found no immunoreactive structures in
formalin-fixed paraffin-embedded sections, even
with formic acid pretreatment.43 Counterstaining
with neutral red revealed that f-LIGS were present
in neuropils rather than in the cell body (Figure 3B).

f-LIGS were also stained with an anti-f3/A41 15
antibody, although they were smaller in number,
weaker in immunopositivity and in limited brain
areas compared to those stained with an anti-,8/
A41 24 antibody. 3-LIGS stained with an anti-p/
A41 15 antibody appeared similar in terms of their
shape and size to those stained with an anti-13/
A41 24 antibody. They were found in some brain
areas including the cingulate cortex, hippocampus,
cerebellar nuclei, cerebellar peduncles, and trigem-
inal and vestibular nuclei. There was no region
where granular structures were stained only with an
anti-t/A41 15 antibody. In the hippocampus, both
3-LIGS and PGS were stained with an anti-f/A41 15
antibody. An anti-APP1 592 stained a subset of neu-

rons, as described previously,44 45 although f3-LIGS
were not stained (Figure 3C). An anti-APP671 695, an
anti-APP666 695 and an anti-4/A41 42 antibodies did
not label the 3-LIGS despite formic acid pretreat-
ment with various concentrations.4346

Control staining was made by omission of the pri-
mary antibody or exchanging the primary antibody
with normal rabbit serum. f-LIGS were never ob-
served under these conditions. When sections were
incubated in the primary antibody preabsorbed with
0.1 to 10 pmol/L synthetic human f/A41 24, no spe-
cific staining was observed (Figure 3D). The identi-
cal procedure also abolished senile plaque staining
in the brain of a subject with Alzheimer's disease
(Figure 3, E and F). Congo red or thioflavine S
methods did not stain similar granular structures.
PAS stained PGS but not ,B-LIGS.

Immunoblotting Analysis

For immunoblotting analysis, we used two gels with
polyacrylamide concentrations of 8% and 20% to
clearly separate the high molecular weight region,
including full-length APP (120 to 130 kd), and the
low molecular weight region, including f/A4 protein
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gure 3. Imnritoohistochemnistry of the brain of a 12-month-old SA I-P18 (A to D). and imunoiohstochemnistry of the hlmnani braini of Alzbeimers
sease as a positive conitrol (E antd F). A: In the hippocamnpi.s ininiliiolabeled by aniti-B/A4,12 antisernum (1:5.000). two types of inimluniloreactiue
annII/Ces are oh.seed.- the larger PGS (long arrows) and the sniialler 13-LIGS (short arrows) (X 360). Or oriens laer. Pp pyramnicdal ce-ll lover, Rad/
atium radiatiotn, Alol/o niolecular layer. B: Counterstaiming with neiutr^al red suggests that graniules are main1nb localized in neuropils (X-360). C.
the trigeminal nerve root iuiiiinillolabelced by antiserumin (1: 5,000) against a recombiblanlt API',-592 n0o grcalular striLctiires are stainiecd (X 360).
The trigeminal nerve root immuninolabeled by antit-(3A4,-24 antiserumn after preab.soiption niib I ,uumiollL synithetic humrlani (3 A4,_2 3,-LIGS

tlining is abolished fX 360). E. Humelani temiporal cortvx uninniinolabeled by, anti-P3IA4,2 antiserumu (1.8,000, X 360). F: Human tem*lporcal cor-tc-w
uitinolabeled by, aniti-,(3A4,1. antisemru after preabsopption with 1 Iymicol L synthetic (3 A4,_2. Senile plaque staininlg is abolished (X 60).

.-2 kd), respectively. With the 20% polyacrylamide
-I, robust 14- to 18-kd immunoreactive bands
ere identified (Figure 4A). The predicted 4.2-kd
and that corresponds to the human f/A4 protein
as not detected. Using the 8% polyacrylamide

gel, a robust band was observed at the end of the
gel (Figure 4B). Thus, the molecular weight of the
main immunoreactive protein was lower than that of
the gel end, <30 kd, which was separated into 14-
to 18-kd bands with the 20% gel (Figure 4A). A faint
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Figure 4. Western inimmunioblots (of the brainis of SAM, A Immtnioblot of a 12-monith-old SAl-PP8 usinzg a 2000 polVacrylamide gel. Lane 1 anti-
PXA41 -28 antiserum (1 3.000) lane 2 anti- BA4, 24 antiserum after ahsorption with 1 motnol L spbthetic , A4, 24 14- to 18-kd hands are stainied.
Ihes staininlg is abolished hbi preahsorption with the antigen. B immunlohlot o?f a 12- niouthb-old SAil -P18 utsing a 8%yo polacvrvlamide gel A roblust
banod at gel enid (< 30 kd) and a faint hband ait 120 kd (arrowi, head) are labeled TIhe labeling is abolished hi preabsotptionl u ith the antigen Lane
1 anti-BA4, -2 antiserum (1 3.000). lane 2 anti-BA4, 2j antiscrumn after ahsotption with 1 imolll svnbthetic PA4, 2, C- Inimunoblhts u/fa 12-
nionth-old SA.lt-1 '8 using a 20'YO polacnlamide gels Lane 1 anti-PIA4 2, anitiseruiii (1 3.000) lane 2 anlti-PA4, , anltihbod (30 yg/nis,) lane
3 anti-APP(, 1-695 antiserum (I 2,000) All antibodies utsed here shoued a sintiilar, imniiiobhlotting pattern. D: niiunobhlots of 2-, 9- anid 12-
mnioth-oldc SAM-P 8 and SAM-RR I using an anti-,A41 2, antiserum (1 3,000). Lanes 1 and 4 2-month-o(ld, lanes 2 anid 5. 9 -niouzth-old, lanes 3
anOd 6 12-monith-old SAIA1tP8 (lanes 1. 2. anid 3) and SAM-R1 lanes 4, 5, anid 6) Staining intensities o?f inminmuoreac tive bands seeni to inCrease
nith aginig in both SANI P18 andSAlt1-R'1 Inicrements of staining intensities occut in SAJI-PP8 at a i'ounger age than in SAMt-RI1 25 jg (A to C)
or 15 ug (D) ofJ total protein as applied to i'ach lane. Bars inldicate moleciular eights 20 1. 144. and 6 2 kl. respectiveli' (C anid D)

120-kd band that seemed to be a full-length APP
was also observed. Staining of these bands was
abolished by preabsorption of the primary antibody
with 1 to 10 pmol/L synthetic human P/A41 24 pep-

tide (Figure 4, A, lane 2, and B, lane 2). The 14- to
18-kd bands were also recognized using an anti-f3/
A41 42 antibody, an anti-APP671 695 antibody (Fig-
ure 4C), and an anti-f/A41 15 antibody as primary
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antibodies. Staining intensities of immunoreactive
bands increased with aging in both SAM-P/8 and
SAM-R/1, and increases in staining intensities
seemed to occur in the earlier life period in SAM-P/8
rather than in SAM-R/1 (Figure 4D).

Quantitative Analysis

f-LIGS seemed to be more numerous in the older
animals in all regions where P-LIGS were observed,
most prominent in the cerebral cortex, medial sep-
tum, thalamus, and trigeminal nerve root. We per-
formed a quantitative analysis in the cerebral cortex
and trigeminal nerve root using a computerized im-
age analyzer, LUZEX3U (Figure 5). The mean nu-
merical densities of ,-LIGS in 2-, 4-, 9-, 12-, and 22-
month-old SAM-R/1 were 0.13, 4.93, 33.5, 40.1, and
53.6 (x 140-/p2) in the cerebral cortex and 33.7,
46.5, 91.7, 97.3, and 107.6 (x10-4/p2) in the trigem-
inal nerve root, respectively. The mean numerical
densities of f3-LIGS in 2-, 4-, 9-, and 12-month-old
SAM-P/8 were 0.24, 5.38, 59.0, and 75.1 (x10-4/p2)
in the cerebral cortex and 34.9, 51.0, 111.0, and
126.3 (x10-4/p2) in the trigeminal nerve root, re-
spectively. Differences in numerical densities be-
tween 2-month-old SAM-R/1 versus 9-, 12-, and 22-
month-old SAM-R/1 were statistically significant at P
values of 0.0532 (t = -4.159), 0.0082 (t =

-10.974), and 0.0591 (t = -10.744) in the cerebral
cortex and at P values of 0.0005 (t = -10.465),
0.0001 (t = -18.621), and 0.0235 (t = -27.109) in
the trigeminal nerve root. Differences in numerical
densities between 2-month-old SAM-P/8 versus 4-,
9-, and 12-month-old SAM-P/8 were also statistically
significant at P values of 0.0163 (t = -7.732),
0.0001 (t = -25.34), and 0.0027 (t = -9.236) in the
cerebral cortex and at P values of 0.0143 (t =
-4.144), 0.0006 (t = -7.713), and 0.0009 (t =

-8.776) in the trigeminal nerve root, respectively. In
addition, in the cerebral cortex, differences in nu-
merical densities of j3-LIGS were statistically signifi-
cant at a P value of 0.0386 (t = 3.533) for 9-month-
old SAM-P/8 versus SAM-R/1 and at a P value of
0.0029 (t = 6.478) for 12-month-old SAM-P/8 versus
12-month-old SAM-R/1. In the trigeminal nerve root,
the difference was statistically significant at a P
value of 0.0354 (t = 3.124) for 12-month-old SAM-
P/8 versus 12-month-old SAM-R/1.

Homology Search

The Integrated Database and Extended Analysis
System for Nucleic Acids and Proteins revealed that
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the mouse P3/A4 region was 83.3% homologous to
the human P/A41-24. No established mouse protein,
except for the mouse ,B/A4 region, was found to be
homologous to the human 3/A41-24

Discussion
To our knowledge, this is the first report of sponta-
neous development of 3/A4-like immunoreactivity in
the mouse brain. ,B-LIGS were stained only when we
used frozen sections from perfused brains, in a
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free-floating condition. We found no f/A4-like immu-
noreactive structures in formalin-fixed, paraffin-
embedded sections, despite a formic acid pretreat-
ment.43 Based on the clear absorption of the ,B/A4
immunostaining of f-LIGS by a low concentration of
the corresponding synthetic peptide, we consider
that the staining is a specific immunoreaction. Simi-
lar to findings with another anti-3/A4 antibody,44 the
present anti-f/A41 24 antibody also recognized a
120-kd band that may correspond to a full-length
APP. However, the staining intensity of a 120-kd
band was much lower than that of 14- to 18-kd
bands. In addition, the staining intensities of 14- to
18-kd bands increased with advancing age, which
is compatible with the age-related increase in nu-
merical densities of ,-LIGS. Thus, the main immu-
noreactivity of ,-LIGS is considered to reflect rec-
ognition of the 14- to 18-kd proteins rather than full-
length APR It is also possible to suppose that the
anti-3/A41 24 antibody recognizes APP-uncon-
cerned proteins that have amino acid sequences
homologous to the human 1/A41 24. For elucidation,
we used the computerized homology search sys-
tem, Integrated Database and Extended Analysis
System. This system revealed that no already
known mouse protein, except for the mouse f3/A4
region, was homologous to the human f3/A41 24,
which suggests that no known protein is likely to ac-
count for a cross-reaction. Furthermore, f-LIGS
were stained not only with an anti-3/A41 24 antibody
but also with an anti-13/A41 15 antibody, and both
antibodies recognized the same 14- to 18-kd bands
on immunoblotting lanes. Thus, we consider that the
possibility of a cross-reaction is unlikely, whereas
we could not still exclude some possibility of an im-
munochemical or immunohistochemical cross-
reaction with unknown protein.
An anti-f3/A41 42 antibody and an anti-APP671 695

antibody did not stain 3-LIGS immunohistochemi-
cally, whereas they recognized the 14- to 18-kd
bands on immunoblotting lanes. This discrepancy
might be attributed to differences of epitopes rec-
ognized by each antibody. In tissue sections,
epitopes recognized by an anti-3/A41 42 antibody
or an anti-APP671 695 antibody might be hidden due
to conformations of the target protein or surround-
ing structures, whereas epitopes recognized by an
anti-4/A41 24 antibody or an anti-f3/A41 15 antibody
were exposed using the present immunohistochem-
ical procedure. In contrast, when we homogenized
samples, these architectures might be broken down
and epitopes exposed to be recognized by each
antibody.

There has been no report on granular structure in
the mouse brain similar to ,-LIGS. PGS, described
by Akiyama et al,42 are granules of a larger size,
measuring up to 5 p, are usually clustered, and
stain with PAS. In addition, immunohistochemically,
PGS stained not only with the present anti-f/A41 24
antibody, but also with various others, including
anti-APP1 592 antibody (1:3,000) and even with nor-
mal rabbit serum (1:2,000). Thus, we conclude that
,-LIGS and PGS are dissimilar.

Numerical densities of f3-LIGS increased signifi-
cantly with advancing age in brains of both SAM-
P/8 and SAM-R/1, characteristics of importance
because only neuroaxonal dystrophies and eosino-
philic thalamic intraneuronal inclusions,47 lipofuscin
accumulation,48 and PGS42 have been found as
morphological parameters of aging in the mouse
brain. Furthermore, numerical densities of ,B-LIGS
increased more markedly in brains of SAM-P/8 com-
pared with those of SAM-R/1. Increases in numeri-
cal densities of ,B-LIGS were most rapid at ages
from 4 to 9 months. Studies on memory and learn-
ing abilities using both active and passive avoid-
ance tasks showed that the deterioration of abilities
progressed from age 4 to age 8/9 months35-38 in
SAM-P/8. Thus, the rapid and accelerated accumu-
lation of j3-LIGS might be associated with the age-
related deterioration of memory and learning abili-
ties seen in SAM-P/8.
As described above, the immunoreactivity of

f-LIGS may be associated with the 14- to 18-kd
proteins. Because the 14- to 18-kd proteins were
specifically recognized with anti-f3/A4 antibody, the
14- to 18-kd proteins seem to be the f/A4 region-
containing APP fragments generated by normal or
aberrant processing associated with aging. More-
over, certain parts of these fragments may harbor
the C-terminal region of APP, according to the result
of immunoblot using an anti-APP671 695 antibody.
As the identical anti-f3/A41 24 antibody used in the
present study recognized a 4.2-kd robust band in
the brain of a subject with Alzheimer's disease,39
processing of APP may occur in a different manner
between mouse and human brains. Differences in
the primary structure of APP21l49,50 or the process-
ing enzyme may relate to the differences in the pro-
cessed proteins, 4.2-kd f3/A4 protein in the human
brain and 14- to 18-kd APP fragments in the mouse
brain. The differences in the processed proteins
could affect their polymerization into the p,-pleated
sheet,51 leading to the development of characteris-
tic senile plaques classically with Congo red bire-
fringence in the human brain and to the develop-
ment of granular deposits in the absence of Congo
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red birefringence in the mouse brain. The character-
ization of the 14- to 18-kd proteins in the mouse
brain is necessary to address this assumption.

In the present study, we obtained evidence indi-
cating that 3-LIGS, which may have 14- to 18-kd
APP fragments as a component, develop spontane-
ously in the SAM brain and that they increase in
number with advancing age, predominantly in ani-
mals with a phenotype of age-related deterioration
of memory and learning abilities. We suggest that
f3-LIGS are not only a new morphological manifesta-
tion of senescence in mice brains, but also a perti-
nent clue to determine mechanisms involved in
amyloid deposition.
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